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FIFI n OF THE INVE^^^ION 

5 [0001 1 TTie present invention relates to novel processes for preparing 2-quinoxalinecartx)xylic add and, more sp - 
cif ically. relates to the microbial oxidation of 2-methylquinoxaline to 2-quinoxalinecattx)xylic acid. 

RAP.KnROUND OF THE INVENTION 

10 [00021 Mettiods are known in the art for microbial oxidation of certain aromatic heterocydes and. in particular, for 
microbial oxidation of methyl groups on certain aromatic heterocydes. such as. for example, those described in the fol- 
lowing tvK) articles "Gene Order of the TOL Catabolic Plasmid Upper Pathway Operon and Oxidation of Both Toluene 
and Benzyl Alcohol by the xy/A Product." by S. Harayama et aL, J- Bacterial., 167(2): 455-461 (1986) and "Enzymatic 
Oxidation of Methyl Groups on Aromatic Heterocydes: A Versatile Method for the Preparation of Heteroaromatic Car- 
ts boxylic Acids," by A. Keiner. Angew. Chem. Int. Ed. Engl., 31 (6): 774-775 (1992). 

[00031 U.S. Patent No. 4,859.592 disdoses a microbial process for the production of picolinic acid which can then 
be converted to pyridine products by chemical means. 

[0004] U.S. Patent Nos. 5.104.798; 5.213,973; and 5,236.832 disclose a microbial process for the oxidation of 
methyl groups in certain aromatic 5- or 6-member ring heterocydes to the corresponding caiboxylic acids wrfiich is per- 

20 formed by a bacterium of the spedes Pseudomonas utilizing toluene, xylene or cymene as the inducer. As described 
therein it is known in the art that the oxidation of the methyl group of toluene to benzoic acid by the strain Pseudomonas 
putida ATCC No. 33015 coirprises three steps catalyzed by tduene monooxygenase. alcohol dehydrogenase and 
aldehyde dehydrogenase, respectively , ^ -rr^, , ^ 

[0005] As described earlier with reference to the aforementioned artide by Harayama et al.. ttie TOL plasmid 

25 pWWO of R putida mt-2 is a transmissible extrachromosomal element which encodes all of the enzymes required for 
the oxidative catabolism of several aromatic hydrocarbons, inducfing toluene, m-xylene and p-xylene. Bacteria carrying 
TOL plasmids e.g.. P putida ATCC No. 33015. can convert certain aromatic hydrocarbons to their corresponding aro- 
matic carboxyiic acids: both the xyl operon which codes for enzymes of xylene degradation and the genes which are 
responsible for the regulation of the xyl gene lie on the TOL plasmid pWWO. The genes on the TOL plasmid pWWO 

30 which code for the enzymes required for the above oxidations must be induced to produce such enzymes. Hence, the 
description of such induction in the aforementioned U.S. Patent Nos. 5.104.798; 5.213.973; and 5.236.832. 
[0006] As described in an article by Gaucher et al- in Dev. Ind. Microbiol.. 22: 219-232 (1981). the fungus Penicil- 
lium griseofulvum contains three enzymes for the conversion of m-cresd to m-hydroxybenzoic acid: m-cresol methyl 
hydroxylase, m-hydroxybenzyl ateohd dehydrogenase and m-hydroxybenzaWehyde hydroxylase. 

35 [0007] To reiterate, as is known in the art. certain fungi and bacteria contain enzymes for the oxidation of methyl 
groups on certain aromatic rings to their corresponding carboxyiic acids. While it is known then that methyl groups on 
such heteroaromatic rings can be oxidized to their corresponcfing carboxyiic adds using microorganisms, as would be 
appredated by those skilled in the art the chemical and optical yields of such microbial oxidaHons generally vary sub- 
stantially depending on. for exartple. the particular microorganism chosen, the concentration of the sii)strate, the struc- 

40 ture of the substrate, and the like. , 
[0008] It has now been found that a range of microorganisms, induding fungi and bactena. siljstartially oxidize 2- 
methylquinoxaline to 2-quinQxalinecarboxylic acid. In addition, the subject process allowre for suitable recovery of the 2- 
quinoxalinecartxjxylic add. 

[0009] U S Provisional Patent Application No. 60/073.801 ("the '801 application") filed February 5. 1 998. now Inter- 
45 national PCT Application No. PCT/IB99/00067 filed January 18. 1 999. disdoses the use of 2-quinoxalinecarboxylic acid 
as an intermediate in the synthesis of novel dihydroxyhexanoic adds which are useful to treat, e.g.. inflammation and 
other immune disorders. The 2-quinoxalinecarboxylic add provided by the novel processes of the present invention can 
be used to synthesize such di hydroxyhexanoic acids 

[0010] All of the documents cited herein, inducfing the foregoing, are incorporated by reference herein in their 
50 entireties. 

Rl IMMARY OF THE INVENTION 

[001 1 ] The present invention relates to a microbiological process for preparing 2-quinoxalinecarboxylic add from 2- 
55 methylquinoxaline. . 

[0012] More particularly, the present invention relates to microbiological processes for preparing the compound of 
Formula I 
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COOH 



5 



by contacling the compound of Formula 11 




'CH3 



II 



with a miCTTOiganism capable of accomplishing the oxidation of the meltiyl group of the compound^ of Formula II to the 
cart)oxyl group of the compound of Formula I, and incubating the resultant mixture under suitatile conditions to yield an 
amount of the compound of Formula I. 

[0013] Accordingly, the present invention provides processes few carrying out the microbial oxidation of the com- 
20 pound of Formula II, 2-methylquinoxaline, which comprises: 

contacting the compound of Formula II with a microorganism, or a mutant thereof which is known or othenwse 
obtainable by those skilled in the relevant art and able, despite such mutation, to accomplish the subject oxklation 
("a suitable mutant thereof"), and 
25 incubating the resulting mixture under conditions sufficient to yield an amount of the compound of Formula 1, 2-qui- 
noxalinecarboxytic add, 

wherein said microorganism is selected from the group consisting of Absidia glauca ATCC No. 22752, Absidia 
glauca ATCC No. 74480, Absidia pseudocylindrospora ATCC No. 241 69, Absidia repens ATCC No. 1 4849, M)sidia 
repens ATCC No. 74481, Actinomucor elegans ATCC No. 6476, Alternaria solani fiTCC No. 11078. Aspergillus 

30 tamarii ATCC No. 16865, Coniophora puteana ATCC No. 12675, Cunninghamella echinulata ATCC No. 8688a, 
Cunninghamella echinulata ATCC No. 8688b, Cunninghamella echinulata ATCC No 8983, Cunninghamella 
echinulata ATCC No. 9244, Cunninghamella echinulata ATCC No. 9245, Cunninghamella echinulata ATCC No. 
10028b, Cunninghamella echinulata ATCC No. 26269, Cunninghamella echinulata ATCC No. 36190, Cunningha- 
mella echinulata ATCC No. 36112, Cunninghamella homothallica ATCC No. 16161, Cylindrocarpon destructans 

35 ATCC No. 66963, Diplodia gossypina ATCC No. 20575, Epicoccum neglectum ATCC No. 12723, Gbmerella 
lagenaria ATCC No. 14724, Penicillium claviforme ATCC No. 10426, Penicillium duclauxii ATCC No. 10440. Peni- 
cillium glabmm ATCC No. 1 1080. PseudocochliotMlus lunatus ATCC No. 24155. Pseudomonas putida ATCC No. 
33015, Pseudomonas putida ATCC No. 202190, Rhodococcus rhodochrous ATCC No. 19067 and Thamnostylum 
piriforme ATCC No. 8686: and suitatHe mutants thereof; provided that where said microorganism is said Pseu- 

40 domonas putida ATCC No. 33015 or said Pseudomonas putida ATCC No. 202190, said Pseudomonas putida 
ATCC No. 33015 or said Pseudomonas putida ATCC No. 202190 is induced by interaction with an inducer prior to 
said contacting of said Pseudomonas putida ATCC No. 3301 5 or said Pseudomonas putida ATCC No. 2021 90 with 
said 2-methy1quinoxaline. 

45 [0014] The subject processes optionally further comprise the isolation of the desired product. 2-quinQxalinecartx)x- 
ylic acid, by any suitable method. For example, the reaction mixture can be extracted with an organic solvent preferatdy, 
ethyl acetate, and then the extracted material can be chromatographed. Alternatively, 2-quinQxalinecartx)xylic add can 
be adsorbed from the reaction mixture onto a resin, preferably a polymeric adsorbent resin, eluted therefrom using an 
organic solvent, preferably ethyl acetate, and crystallized from the eluted material using an organic solvent, or a com- 

50 bination of organic solvents, preferably ethyl acetate and methanol. Further yet, the 2-quinoxalinecart)oxylic add pro- 
duced by the present processes may be treated with a suitable base, e.g., sodium hydroxide, resulting in the formation 
of a salt, e.g., sodium salt, of 2-quinoxalinecarboxylic acid. The alkali salt of 2-quinoxalinecart)Oxy!ic acid can then be 
isolated from the bioconversion medium by removal of the cells from the medium by filtration or centrrfugation, followed 
by concentration of the cell-free medium, e.g., by evaporation. 

55 [001 5] The subject microorganism is preferably an intact microorganism. 

[001 6] In a preferred embodiment of the present invention the microorganism is a fungus. 

[0017] In a preferred embodiment of the present invention wherein the microorganism is a fungus, the fungus is 

selected from the group consisting of the genera Absidia. Aspergillus, Alternaria, Penicillium, Diplodia and 
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Cunninghamella. 

[001 8] In a particularly preferred embodiment of the present invention wtierein the microorganism is a fungus, the 
fungus is of th genus Absidia. In an especially preferred mbodiment of the present invention wher in the miaoorgan- 
ism is a fungus of the genus Absidia. the microorganism is A glauca ATCC No. 22752 or A. glauca ATCC No. 74480, 
or a suitabi mutant thereof, or, further yet. any deposit of A. glauca ATCC No. 22752. or suitable mutant thereof, mad 
to comply with the terms of the Budapest Treaty. 

[001 91 In another especially preferred embodiment of the preserrt invention wherein the microorganism is a fungus 
of the genus Absidia. the microorganism is A repens ATCC No. 14849 or A. repens ATCC No. 74481, or a suitable 
mutant thereof, or. further yet. any deposit of A. repens ATCC No. 1 4849. or a suitable mutant thereof, made to comply 
with the terms of the Budapest Treaty. 

[0020] A preferred cell density for the fungal cultures of the present invention is from atxHJt 10 to about 30 g dry cell 
weight/L 

[0021 ] In another preferred embodiment of the present invention the microorganism is a t>acterium. 

[0022] In a prefen-ed embodiment of the present invention wherein the microorganism Is a tacterium, the bacterium 

is selected from the group consisting of the genera Pseudomonas and Rhodococcus. 

[0023] In a particularly.preferred embodiment of the present invention wherein the microorganism is a bacterium, 
the bacterium is of the genus Pseudomonas. 

[0024] In an especially prefened embodiment of the present invention wherein the microorganism is a bacterium of 
the genus Pseudomonas. the microorganism is R putida ATCC No. 33015 or R putida ATCC No. 202190. or a suitable 
mutant thereof, or, further yet. any deposit of R putida ATCC No. 33015, or suitable mutant thereof, made to comply 
with the terms of the Budapest Treaty. 

[0025] A preferred cell density for the bacterial cultures of the present invention is a density which gives an optical 
density of from about 1 0 to about 30 at 650 nm. 

[0026] As discussed above, in emtxxlimente of the present invention wherein the microorganism is R putida ATCC 
No. 33015 or R putida ATCC No. 202190. or a mitstie mutant thereof, the microorganism, or suitable mutant thereof, 
is induced prior to or during the contacting. It is preferred that the contacting occur after the completion of the induction 
of the microorganism. Prefened inducers include p-xylene and m-xylene. A particularly preferred inducer is p-xylene. 
[0027] In a preferred embodiment of the present invention wherein the microorganism is R putida ATCC No. 3301 5 
or P. putida ATCC No. 202190. or a suitable mutant thereof, and the microorganism is cultured in a growth medium in 
a f lasK the inducer is added to such growth medium prior to the contacting of the microorganism with 2-methylquinoxa- 
line and incubated in such growth medium for a period of time sufficient for the substantial completion of such induction. 
The cells of the induced microorganism are collected by centrifuging the contents of the flask, removing. e.g.. decant- 
ing, the spent growrth medum (and thus the subject inducer), washing the cell pellet and resuspending the pelirt in an 
aqueous medium, such as DPBS (Biowhittaker). prior to the contacting of said 2-methylquinoxaline with said microor- 
ganism. 

[0028] In another preferred emlxxJiment of the present invention wherein the microorganism is R putida ATCC No. 
33015 or P putida ATCC No. 202190. or a suitable mutant thereof, and the subject microorganism is cultured in a 
growth medium in a fermentor. the inducer is continuously or continually added to such growth medium prior to the sub- 
ject contacting of the microorganism vnth 2-methylquino)(aline and incubated In such growth medium for a period of time 
sufficient for the substantial completion of such induction, and then discontinued prior to the contacting of said 2-meth- 
ylquinoxaline with said microorganism. 

[0O29] In a further prefened embodiment of the present invention the subject contacting is accomplished by adding 
2-methylquinoxaline to a growth medium comprising the subject microorganism where the microorganism is a fungus. 
In a prefen-ed entxxjiment of the present invention wherein the subject contacting is accomplished by adding 2-meth- 
ylquinoxallne to a growth medium comprising the subject fungus, the growth medium is cornsteep solids medium. A 
particularly prefened cornsteep solids medium comprises from about 20 g to about 40 g/liter cornsteep solids and 
about 20 g/L dextrose, having a pH of about pH 4.85. Another preferred growth medium comprises about 20 g/L. Phar- 
mamedia® (Traders Protein) and about 20 g/L dextrose, having a pH of about pH 7.2. 

[0030] In yet another preferred embodiment of the present invention the contacting is by aiding the compound of 
Fomiula II adsorbed to a resin. See, for example, the article by J.T Vicenzi el al-, "l^rge-scale stereoselective enzy- 
matic ketone reduction with in situ product removal via polymeric adsortjent resins." Enzyme and Microbial Technology. 
20:494-499(1997). 

[0031 1 In still another preferred enixxliment of the present invention the contacting is accomplished by adding 2- 
methylquinoxaline to an aqueous medium comprising washed cells of the microorganism. 

[0032] In yet another preferred embodiment of the present invention the microorganism is washed prior to the con- 
tacting of the microorganism with 2-methykiuinoxaline. In a preferred embodiment of the present invention wherein the 
microorganism is washed prior to the contacting of the microorganism with 2-methylquinoxaline the washed microor- 
ganism is immobilized prior to th contacting. 
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[0033] In anoth r preferred embodiment of th present invention th microorganism is grown in a comst ep solids 
medium lor fr m about twenty-four hours to atxxrtseventy-tw hours prior to th contacting which is accomplished by 
adding 2-methylquinoxaline therel . 

[0034] Th processes of the present invention further optionally comprise the isolati norseparati n of 2-quinoxa- 
5 linecarboxylic acid, g. . carried out by extraction with organic solv nt, adsorption onto a resin, crystallization, or , as dis- 
cussed above, where the alkali salt of 2-quinoxalinecartx)xylic acid is provided, by concentration by evaporation of a 
cell-free medium, or the like. 

[0035] The present invention further includes the use of 2-quinoxalinecart)oxylic acid in the synthesis of the novel 
dihydroxyhexanoic acids disclosed in the aforementioned '801 application by following any of the methods disclosed in 
10 the '801 application or by using any other suitable methods therefor. 

[0036] Those skilled in the art will fully understand the terms used herein to describe the present invention; none- 
theless, the following ternis used herein are as descrit>ed immediately below. 

[0037] "Intact microorganism" means that the cells of the microor^nism substantially possess their inherent 
(and/or induced, as the case may be) mectianical, physical and biochemical integrities. 
15 [0038] "Microbial owidation- means the oxidation of the present invention as accomplished by the intact miaoorgan- 

ism, or any preparation thereof, and the like - — 

[0039] "Microorganism" includes any intact microorganism or suitable preparation therefrom, including, for exam- 
ple, microorganism washed free of, e.g., fermentation medium, growth medium, culture broth, and the like, as the case 
may be; and microorganism immobilized, e.g., in a column, attached to beads, and the like. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

[0040] Unless othenwise noted, throughout this specification and the appendant claims: 

25 °C is degrees Centigrade; 

% is percent; 

ACN is acetonitrile; 

DMSO is dimethylsulfoxide; 

DPBS is Dulbeccos phosphate buffered saline; 
30 EtOAC is ethyl acetate; 

EtOH is ethand: 

g is gram; 

HPLC is high performance liqurcl chromatography; 

L is liter; 
35 MeOH is methanol; 

mg is milligram; 

min is minute or minutes; 

mm is millimeter; 

mmd is millimoles; 
40 mL is milliliter; 

/n-xyiene is mefa-xylene; 

N is normal (concentration); 

nM is nanonwiar (concentration); 

PBS is phosphate buffered saline; 
45 p-xylene is para-xylene; 

rpm is revolutions per minute; 

TFA is trifluoroacetic add; 
is microliter; 

v/v is volume per volume; 
50 American National Can® is located in Menasha. Wisconsin. U.S.A.; 

Becton Dickinson® Labware is located in Franklin Lakes. New Jersey. U.S.A.; 

Becton Dickinson® Microbiology Systems, Sparks, Maryland, U.S.A.; 

Biowhittaker® is located in Vtolkersviile, Maryland. U.S.A.; 

Column Engineering®, Inc. is located in Ontario, California. U.S.A.; 
55 lEC® Centrifuge is located in Needham Heights. Massachusetts. U.S.A.; 

Rohm and Haas® is located in Philadelphia, Pennsylvania, U.S.A.; and 

Traders Protein® is located in Memphis, Tennessee, U.S.A. 
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[0041] Further, ATCC is Am rican Type Culture Co\\eC6 n which is located at 10801 University Boulevard, Manas- 
sas, Virginia, 201 1 0-2209, U.S.A. TABLE 1 below lists the microorganisms disclosed herein and their depositor(s) (se , 
www.ATCC.com). 
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TABLE 1 



Fungal Culture, ATCC No. 


Depositor 


Absidia glauca, 22752 


NRRL^ 


Absidia glauca, 74480 


Rizer Inc 


Absidia pseudocylindrospora, 24169 


NRRL 


Absidia repens, 14849 


NRRL 


Absidia repens, 74481 


Pfizer lnc.2 


Actinomucor elegans, 6476 


J.A. Stevenson 


Alternariasolani, 11078 


RW. Brian 


Aspergillus tamarii, 16865 


K.B. Raper. D.I. Fennell 


Coniophora puteana, 12675 


F.F. Lombard 


Cunninghamella echinulata, 8688a 


NRRL 


Cunr)inghatr)ella echinulata, 8888b 


NRRL 


Cunninghamella echinulata, 8983 


V.M. Cutler, Jr. 


Cunninghamella echinulata, 92.AA 


V.M. Cutter, Jr. 


Cunninghamella echinulata, 9245 


V.M. Cutter, Jr. 


Cunninghamella echinulata, 10028b 


NRRL 


Cunninghamella echinulata, 26269 


J.J. Perry 


Cunninghamella echinulata, 36190 


NRRL 


Cunninghamella echinulata, 361 12 


J.J. Perry 


Cunninghamella homothallica, 16161 


IFO-lnstitute for Fermentation 


Cylindrocarpon destructans, 66963 


G.J. Samuels 


Diplodia gossypina. 20575 


Hoffman-La Roche Ltd. 


Epicoccum neglectum, 12723 


Pfizer, Inc. 


Glomerella lagenaria, 14724 


Sanraku-Ocean Co., Ltd. 


Penicillium claviforme, 10426 


NRRL 


Penicillium duclauxii, 10440 


NRRL 


Penicillium glebrum, 11080 


P.W. Brian 


Pseudocochlbbolus lunatus, 24155 


R.S. Byttier 


Thamnostylum pirHorme, 8686 


NRRL 


Bacterial CuKure, ATCC No. 


Depositor 


Pseudomonas putida, 33015 


RA Williams 


Pseudomonas putida, 202190 


Pfizer Inc.^ 


R rhodochrous, 19067 


J W Foster 



^ NRRL is Norttiern Regional Research LatxjraJorles (Reoria, Illinois). 
^ A. glauca, 22752, deposited under ttie terms of Ifie Budapest Treaty on 
January 13, 1999. 

^ A repens, 14849, deposited under the terms ol the Budapest Treaty on 
January 13, 1999 

* P. putida , 3301 5. deposited under the terms of the Budapest Treaty on Jan- 
uary 13. 1999. 
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[00421 As discussed abov ,lh pres nt invention relates to microbiological processes for preparing th conpound 



witti a microorganism capable of accomplishing tfie oxidation of ttie mettiyl group of Formula II, 2-metfiylquinoxaline. to 
the cartxjxyl group of Formula 1, 2-quinoxalinecarboxylic acid, and incubating the resultant mixture under suitable con- 
ditions to yield ), 2-quinoxalinecari»xy1ic acid. 

[0043] The processes of the present invention are readily carried out. The microorganism is cultivated, vwth induc- 
tion where necessary, e.g., where the microorganism is R putida ATCC No. 33015 or P. putida ATCC No. 202190. or a 
suitable mutant thereof, and then contacted wHh 2-methylquinoxaline to oxidize the methyl group of 2-methylquinoxaline 
to the -COOH group of 2-quinoxalinecaitx>xylic add. The 2-quinoxalinecarboxylic acid may then be, e.g., further 
reacted by mettxxls described in the aforementioned '801 application to ultimately yield the novel dihydroxyhexanoic 
acids disclosed in the '801 application which are useful to treat inflammation and other immune dsorders. The activity, 
methods for testing activities, dosages, dosage forms, methods of administration and background information concern- 
ing the novel dihydroxyhexanoic acids disclosed in the '801 application are set forth therein. 

[0044] As cfiscussed above, any suitable microorganism, or suitable mutant thereof, may be used in the processes 
of the present invention. As would be understood by those skilled in the art in light of the present disclosure, the condi- 
tions of the subject processes would be chosen depending upon. e.g., the kind of microorganism and the particular 
preparation thereof. For example, the pH, temperature, component concentrations, and the like, of the, e g., fermenta- 
tion medium and organic solvent, as well as the concentrations of 2-melhylquinoxaline and the inducer (where 
errployed) will be chosen to provide the particular desired result using the selected microorganism. 
[0045] Preferred fungi include those men*ers of the genera Absidia, Actinomucor, Alternaria, Aspergillus, Conio- 
phora, Cunninghamella, Cylindrocarpon, Diplodia, Epicoccum. Fusarium, Glomerella. Penidllium, Pseudocochliobolus, 
Thamnostylum and Verticillium. but the species thereof is not particularly limitative provided that the microorganisms, 
or mutants thereof, are capable of accomplishing the subject oxidation. 

[0046] Particularly preferred fungi belong to the g«iera Absidia, Alternaria, Aspergillus, Cunninghamella, Diplodia 
and Penicillium. 

[0047] Especially preferred fungi belong to the genus Absidia. 

[0048] More particularly, preferred fungi include A. glauca ATCC No. 22752. A glauca ATCC No. 74480. A. 
pseudocylindrospora ATCC No. 24169. A. repens ATCC No. 14849, A. repens ATCC No 74481, A. elegans ATCC No. 
6476. A. solan! ATCC No 11078, A. tamarii ATCC No. 16865. C. puteana ATCC No. 12675. C. echinulata ATCC No 
8688a C echinulata ATCC No 8688b. C. echinulata ATCC No. 8983. C. echinulata ATCC No. 9244. C. echinulata 
ATCC No 9245 C. echinulata ATCC No. 10028b. C. echinulata ATCC No. 26269. C. echinulata ATCC No. 36190. C. 
echinulata ATCC No 361 12. C. homothallica ATCC No. 16161. C. destmctans ATCC No. 66963. D. gossypina ATCC 
No. 20575. E. neglectum ATCC No 12723 G. lagenaria ATCC No. 14724. R claviforme ATCC No 10426. R duclauxii 
ATCC No. 10440. P glabmm ATCC No 1 1080. R lunatus ATCC No 24155 and 77 pirHorme ATCC No 8686; and suit- 
able mutants thereof. 

[0049] More preferred fungi include A. glauca ATCC No. 22752. A. glauca ATCC No. 74480. A. repens ATCC No. 
14849. A repens ATCC No. 74481 . A solani ATCC No. 1 1078, A tamarii ATCC No. 16865. C. echinulata ATCC No. 
8983 D gossypina ATCC No. 20575 and R glabmm ATCC No. 1 1080; and suitable mutants thereof. 
[0050] Particularly preferred fungi include A. glauca ATCC No. 22752. A glauca ATCC No 74480. A. repens ATCC 
No. 14849 and A repens ATCC No. 74481 ; and suitable mutants thereof. 

[0051] Especially prefened fungi include A repens ATCC No. 14849 and A repens ATCC No. 74481 ; and suitable 
mutants thereof. 
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[0052] Preferred bacteria include those t)eionging to the genera: Bacillus, Brevibacterium, Micrococcus, 
Pseudomonas and Rhodococcus. txjt the species thereof is not particularly limitative provided that th microorgan- 
isms. Of mutants th reof, are capatjl of accomplishing the subject oxidation. 

[0053] Parlicutarly prefenred bacteria include those belonging to the g n ra of Pseudomonas and Rhodococcus. 
5 [0054] Especially prefered bact ria includ those belonging to th genus Pseudomonas. 

[0055] More particularly, preferred bacteria include P putida ATCC No. 3301 5 P putida ATCC No. 202190 and R. 
rhodochrous ATCC No.; and suitable mutants thereof. 

[0056] Especially preferred bacteria are P putida ATCC No. 33015 or P putida ATCC No. 202190; and suitable 
mutants thereof. 

10 [0057] As discussed earlier, the present invention includes the use of any suitable mutants of any of the suitable 
microorganisms. In addition, a group of mutants with more desirable properties, e.g., able to oxicfize greater amounts of 
sut>strate, compared to the parent strain, can also be used in the subject process, and these new strains may be made 
using known methods including, for example, standard n^Jtagenesis and selection techniques, and recombinant meth- 
ods including, for example, site-directed mutagenesis. 

75 [0058] Standard mutagenesis methods include chemical mutagenesis with /V-mef/iy/-N'-nitrosoguanidine (Delic el 
al. (1 970), MutaL Res. 9:167), nitrous acid (Crueger and Crueger (1 984), Biotechnolog y: A Texltxx)k of Industrial Micro- 
biolooy. p. 16, Sinauer Associates, Inc., Sunderland, MA, USA) and irradiation with ultraviolet light (Thrum (1984), in 
Biotechnology of Industrial Antibiotics (Vandamme. ed.), h/larcel Dekker, New York, pp. 373-374). 
[0059] Selection techniques include simple reisolation of the strain by the selection of an isolated colony, selection 

20 of specific colony morphologies and selection for resistance to analogues of components known or thought to be in the 
biosynthetic pathway of the compound of Formula I (Crueger and Crueger (1984), Biotechnology: A Texttxwk of Indus- 
trial Microbioloov. p. 24-25, Sinauer Associates. Inc., Sunderland, MA, USA). 

[0060] These new strains are used in the subject processes because, for example, they have inproved properties 
relative to their respective parent strains. e.g., they produce more 2-quinoxalinecarb(Bcylic acid, they exhibit less 

25 unwanted intrinsic degradative activity of 2-methylquinoxaline and/or 2-quinQxalinecarboxylic acid and/or the interme- 
diate compounds which may be generated in the process of the present invention depending upon, for example, the 
particular microorganism chosen. In addition, where the mutant is utilized because its use results in more 2-quinoxali- 
necartx)xylic acid, less volume of the culture needs to be grown to obtain the material necessary to generate an anfiount 
of 2-quinoxalinecarboxylic add according to the present process which may result in substantial cost-savings. 

30 [0061] As descrtoed earlier, any suitable preparation of the microorganism may be used in the processes of the 
present invention such as, for example, microorganism in growth medium, microorganism washed free of. e.g.. fermen- 
tation medium, culture broth, and the like, or microorganism immobilized. e.g., in a column, attached to b>eads, and the 
like. 

[0062] Those skilled in the art will understand from tiie description provided herein how to prepare suitable immo- 
35 bilized intact microorganism such as described, for example, by A. Bauer et al- in the article "Polyvinyl alcohol-immobi- 
lized whole-cell preparations for biotransformation of nttriles" published in Biotecfinology Letters, 18(3): 343-348 
(1996). 

[0063] Prefen-ed intact microorganisms will be ttiose which substantially oxidize 2-methylquinoxaline to the product, 
specifically, 2-quinoxalinecarbQxylic add, while leaving the product substantially unaltered, e.g.. free from intrinsic activ- 

40 ity which might degrade or otherwise negatively impact tiie desired product at any stage of the subject processes. 
[0064] The microorganisms suitable for use in the subject microbial oxidation may be prepared by any suitable 
method known to those skilled in the relevant art. An example of a suitable method for the preparation of a miaoorgan- 
ism from a commerdally purchased stock is provided below. Based upon the present disdosure induding the m^hods 
provkJed below, those skilled in the art would understand how to modify any part of these methods, e.g.. method of pre- 

45 paring the microorganism, free or immobilized; method of contacting of 2-quinoxalinecartx)xylic acid with the microor- 
ganism; growth medium components and conditions, e.g., temperature. pH and the like; respedive concentrations of 2- 
methylquinoxaline. inducer (where used); or incubation conditions; to achieve the desired result using any suitable 
microorganism. 

[0065] In embodiments of the present invention wherein the microorganism is a fungus, a prefeaed concentration 
50 range of 2-methylquinoxaline is from atxxrt O.OIg/L to about 2.5 g/L, and a particularly preferred range is from about 0.1 
g/L to about 2.0 g/l_ In embodiments of the present invention wherein the microorganism is a fungus selected from the 
group consisting of A. repens ATCC No. 14849, A. repens ATCC No. 74481, A. glauca ATCC No. 22752. A. glauca 
ATCC No. 74480 and suitable mutants tiiereof. a preferred concentration range of 2-mettiylquinoxaline is from about 0.1 
g/L to about 2.0 g/L 

55 [0066] In entxxlimerrts of the present invention wherein the microorganism is a t)acterium, a prefen-ed concentra- 
tion range of 2-metiTylquinoxaline is from about 0.01 g/L to about 1.5 g/L, and a particularly prefen^ed range is from 
atwut 0.1 g/L to about 1.0 gA.. In embodiments of the present invention wherein the bacterium is selected from the 
group consisting of P putida ATCC No. 33015, P putida ATCC No. 202190 and suitable mutants thereof, a preferred 
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concentration range of 2-methylquinoxaline is fr m about 0.1 g/L to aiaout 1 .0 g/L 

[0067] In addition, and as discussed earlier, tacterium can-ying a TOL plasmid, e.g., P. putida ATCC No. 33015 or 
P. putida ATCC No. 2021 90, required for the subject oxidation, must be induced. In embodiments of tti present inven- 
tion wfierein P. putida ATCC N . 33015 or P. putida ATCC No. 202190 is cultivated in a medium in a fermentor, the 

5 inducer, preferak)ly p-xyl n , is added at a prefen-ed rat of addition of from about 4.5 mmo!/L/hour to about 6.5 
mmol/L/hour, and a particularly preferred rate of addKion of from about 4.9 mmol/Uhour to atjout 6.1 mm/L/hour. 
[0068] In embodiments of the present invention wherein P. putida ATCC No. 3301 5 or putida ATCC No. 2021 90 
is in a medium in a flasK the inducer, preferatily p-xylene, is added continuously in gaseous form to the medium. As 
would be understood by those skilled in the art from the present disclosure and from the aforementioned articles and 

10 patents (e.g., U.S. Patent No. 5,236,832), the inducer concentration is usually selected so that it is lower than the min- 
imal inhibitory concentration of the enzymes responsible for the oxidation. See also, Claus and Walker, J. Gen. 
Microbiol. 36: 107-122 (1964). 

[0069] Any suitable method of contacting the substate, 2-methykiuinoxaline, with the microorganism may be used 
in the present invention. The substrate may be contacted with the microorganism in any suitat)le order. For example. 2- 

75 methyk^uinoxaline may be added to a medium, such as a culture broth, comprising the microorganism, free or immobi- 
lized, or some combination thereof ; or the medium may comprise 2-methylquinoxaline and the microorganismmay then 
t>e added to such medium; or 2-methytquinoxaline and the microorganism may be added together to such medium; or 
either 2-methylquinoxaline or the microorganism nray be added to a suitat)le solvent comprising the other; or 2-methyl- 
quinoxallne may be adsort)ed to a resin; and the like. Those skilled in the art will understand from the description pro- 

20 vided herein how to modify any part of the subject processes as so desired. 

[0070] As discussed abwB. it is preferred in the present invention that the microorganism is A. glauca ATCC No. 
22752. As also discussed above, a lyophilized sample of A. glauca ATCC No. 22752 was deposited with the ATCC 
under the terms of the Budapest Treaty on January 13, 1999. This newly deposited culture was given the new deposit 
number of ATCC No. 74480. Hence, it is also prefen-ed in the present invention that the microorganism is A. glauca 

25 ATCC No. 74480. All restrictions on the availability to the put)lic of the microorganism culture so deposited will be irrev- 
ocably removed upon the issuance of a patent from the specification of the present invention. 

[0071] As also discussed atx>ve. K is especially preferred in the preserrt invention that the microorganism is A 
repens ATCC No. 14849. A lyophilized sample of A. repens ATCC No. 14849 was deposited with the ATCC under the 
terms of the Budapest Treaty on January 13. 1999. This newly deposited culture was given the new deposit number of 

30 ATCC No. 74481. Hence, it is also especially prefen-ed in the present invention that the microorganism is A. repens 
ATCC No. 74481 . All restrictions on the availability to the public of the microorganism culture so deposited will be irrev- 
ocably removed upon the issuance of a patent from the specification of the present invention. 
[0072] Cultures of the fungus A. repens ATCC No. 14849 (or A. repens ATCC No. 74481. A. glauca ATCC No. 
22752, or A glauca ATCC No. 74480) can be obtained from the ATCC, and an example of a suitatile method for prep- 

35 aration from such an available stock is provided immediately below. Stock cultures can be prepared from rk;e cultures 
such as, for example, as follows: Erienmeyer flasks (250 mL) containing about 50 g of brown rice and about 20 mL of 
distilled water are autoclaved at about ^2^°C for about 30 min, a suspension of A repens ATCC No. 14849 (or A 
repens ATCC No. 74481 . A. glauca ATCC No. 22752, or A. glauca ATCC No 74480) vegetative cells, or spores, is pre- 
pared by adding either an aliquot of a liquid culture or a swab from a slant culture grown on agar medium to sterile dis- 

40 tilled water. Each rice flask is inoculated with atx>ut 5 mL of the spore or cell suspension and incubated for atx>ut 10 
days at about 28''C, at which time the spore stock is prepared by washing the rice culture with atx)ut a 0.5% solution ol 
Tween 80 in dstilled water, decanting the spore suspension away from the rice, and adding from about 10% to about 
20% glycerol. The spore stock is stored at atxiut -70°C- 

[OO'TS] As would be understood by those skilled in the art for any fungus selected, and as provided specifically here- 
45 inafter in the examples for the preferred A. glauca ATCC No. 22752 or ATCC No. 74480 and the especially preferred A 
repens ATCC No 14849 or ATCC No. 74481 , a suitable method for preparing the selected fungus is as follows: the fun- 
gus is inoculated from the frozen vegetative cell or spore stock culture such as described above into a flask or a glass 
tii)e with a metal closure containing a growth medium (containing an aliquot from a sterile solution which includes 
Tween 80, glycerol and distilled water) whose composition is described in more detail below. The fermentation is carried 
50 out at temperatures ranging from about 22°C to about 32"C. and preferably at about 29°C, with suitable shaking, pref- 
erably from about 200 rpm to atx>ut 220 rpm, and most preferably, at atxxit 210 rpm. Where so desired, the pH of the 
growth medium can be maintained by the use of suitable buffers incorporated into the fermentation medium and/or peri- 
odically adjusted by addition of either base or acid as so required. A prefen-ed pH range is from about pH 6 to about pH 
7. 

55 [0074] Any suitable duration of growth of the microorganism (i.e., fringus or tacterium). contacting of the microor- 
ganism with 2-methylquinoxaline. and incubation of 2-methylquinoxaline with the microorganism may be used in the 
present invention. Suitable growth of the microorganism may be achieved, e.g., within about 24 hours, at which time 
either (a) 2-methylquinoxaline itself, (b) a suitatile aliquot of a solution of 2-methylquinoxallne in a suitat)le. e.g., does 
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not undesirably affect ttie growtti r function f th nfiicroorganism, solvent, preferatily EtOH r (c) 2-methylquinoxaline 
adsorbed t a resin, may be added to ttie culture. The incufc>ation niay then be continued for, e.g., from atxxit tvro to 
atx>ut twenty-four days, depending upon, for exarrple, th vessel in which the bioconversi n occurs, tfie medium and 
conditions, .g.. t rrperatur , pH and agitation, of incubation. The incubation broth may tfi n b extracted using any 

5 suitable extraction method, for example, (a) whereby a suitable solvent, such as, for exampi . EtOAc, methyl isobutylke- 
tone, methyl ethylketone, methyl n chloride, and the like, preferably, EtOAc, r moves the organic components from the 
incubation broth or (b) by adsorption of the product, 2-quinoxalinecartX)xylic add, onto a suitable resin, preferably a pol- 
ymeric adsort>ent resin, more preferably a resin selected from those of the tradename Amberlite® (Rofim arxl Haas), 
most preferat)ly XAD4 (of the Amberlite resins). After extraction of ttie incubation txoth with a suitable organic solvent 

70 and separation of the organic and aqueous phases, the compounds comprising the organk: resklue may be determined 
using any suitable method, such as, for example, chromatograpfiy. Alternatively, after extraction of 2-quinoxalinecaitx>x- 
ylic acid from tfie incit>ation broth using a resin. 2-quinoxalinecartwxylic ackl can be eluted therefrom using a suitable 
solvent, preferably EtOAc or MeOH, and then crystallized from the, e.g., EtOAc, using, for example, EtOAc and MeOH. 
[0075] Any suitable growth medium may be used in the process of the present inventk>n, and the suitable growth 

)5 medium will contain a source or sources of assimilable caitxjn, assimilatile nitrogen and inorganic salts containir^ 
essential minerals. In general, many cartx^hydrates such as, for example, glucose, maltose,.mannose, sucrose, starch, 
glycerin, miliet jelly, nwlasses, soy bean, and the like, can be used as sources of assimilable cartx)n. Sources of assim- 
ilable nitrogen include, for example, materials such as yeast and casein hydrolysates, primary yeast, yeast extracts, cot- 
tonseed f bur, soybean solkls. wheat germ, meat extracts, peptone, cornsteep liquor, cornsteep solids, and ammonium 

20 salts. Suitat>le inorgank: salt nutrients for use in the culture medium of tfie preserrt invention include, for example, the 
customary salts containing sodium, iron, magnesium, potassium. cot>alt. phosphate, and the like. 
[0076] More particularly, components of growth media suitafc)le for use in the present invention where the microor- 
ganism is a fungus include, for exairple, cornsteep liquor, cornsteep solids, Pharmamedia® and malt extract. Corns- 
teep Ik^uor medium is prepared with about 40 g/L cornsteep liquor and about 20 g/L dextrose, and adjusted to atx>ut pH 

25 4.85 before sterilization. Cornsteep solids medium is prepared with from about 20 g/L to about 40 g/L cornsteep solkls 
and about 20 g/L dexb'ose, and adjusted to about pH 4.85 before sterilization. Another suitable medium for use in ttie 
processes of the presertt invention is prepared with atx>ut 20 g/L Pharmamedia® and aix)ut 20 g/L dextrose. arxJ 
adjusted to atxxit pH 7.2 tjefore sterilization. Malt extract medium is prepared with akwut 10 g/L malt extract, atxxjt 10 
g/L dexb-ose. about 5 g/L peptone, and about 2 g/L yeast exb^act, and adjusted to about pH 7 before sterilization. 

30 Another suitatsle medium for use in the processes of ttie present invention is prepared with about 20 g/L of dextrose, 
about 5 g/L of nuti-isoy ftour, about 5 g/L of yeast extract, at)out 5 g/L of NaCI and alx>ut 5 g/L of K2HP04, with ttie pH 
adjusted to about pH 7.0 witti H2SO4 before sterilization. A particularly preferred growtti medium for ttie fungi suitat)le 
for the present process is ttie aforementioned cornsteep solkJs medium. 

[0077] As discussed atwve, it is particularly preferred in ttie present invention that the microorganism is P. putida 

35 ATCC No. 33015. As also discussed above, a lyophilized sample of P. putida ATCC No. 33015 was deposited with ttie 
ATCC under the terms of the Budapest Treaty on January 13, 1999. This newly deposited culture was given the new 
deposit number of ATCC No. 202190. Hence, it is also preferred in the present invention that ttie microorganism is P. 
putida ATCC No. 202190. /Ml resti-ictions on the availability to the pufc)lic of the microorganism culture so deposited will 
be in-evocaUy removed upon ttie issuance of a patent from the specif k;atk}n of the present invention. 

40 [0078] In addition, growtti media suitable for use in the present invention where the microorganism is a bacterium 
include any suitat)le known media, e.g.. Nuf ient Brotti (about 32 g/L, Becton Dickinson Microbiology Systems) and 
glycerol (about 5 g/L). As would be understood by those skilled in the art for any bacterium selected, and as provided 
specif k^ally hereinafter in ttie examples for R putida ATCC No. 33015, a suitable method for preparing the selected t)ac- 
terium is as follows: the t>acteria is inoculated from a frozen stock culture prepared as is known in the art (at)out a 1 7% 

45 glycerol stock) into a flask or a glass tube with a metal closure or a fermentor containing a growth medium (containing 
an aliquot from a sterile solution which includes Tween 80, glycerol and distilled water) whose composition is descritied 
in more detail below. The fermentation is earned out at temperatures ranging from about SO'C to atx>ut 40°C, and pref- 
eratjly at tenperatures ranging from about 25°C to about 32°C, witti suital)le shaking, preferably from about 200 rpm to 
about 220 rpm, and most preferatily, at about 210 rpm. Where so desired, the pH of the growth medium can t»e main- 

50 tained by the use of suitable buffers incorporated into ttie fermentation mecfium and/or periodically adjusted by addition 
of either t>ase or add as so required. A preferred inoculum is from about 1% to about 20% v/v (inoculum/medium). A 
preferred pH range is from about pH 6 to atx)ut pH 8. 

[0079] It should be noted that reference to particular buffers, media, reagents, contacting or culture conditions, 
amount of subsb^te, amount of inducer where used, and the like, in any part of ttie present disck^sure is not intended 
55 to be limiting, but should be re^ to include alt such related materials ttiat those of ordinary skill in the art wouU recog- 
nize as being of interest or value in the particular context in which the discussion herein is presented. For exanple, it is 
often possible to substitute one buffer system or culture medium for anottier. such that a different but known way is used 
to achieve the same goals as those to which the use of a suggested mettiod, material or composition is directed. More- 
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over, a should be und rstood that the present inv ntion indudes the scaling-up of th subject process for commercial 
purposes. 

[0080] Th subject microbial oxidation further optionally conprises the isolation of the desired product. 2-quinoxa- 
linecarboxylic acid. Th 2-quinQxalinecaitx)xylic acid may be isolated as described below from the medium in which th 
5 novel microbial oxidati n process was performed and, more specifically, from arty intermediat compounds which may 
have been produced but not completely corrverted to 2-quinoxalinecarboxylic add depending upon, e.g., th microor- 
ganism selected and the conditions of incutjation. 

[00811 Any suitable methods for isolating and/or purifying any of the intermediates or the desired product of the 
sut>ject process may be used in the present invention including filtration, extraction, crystallization, column chromatog- 
10 raphy. thin-layer chromatography, preparative low pressure liquid chromatography, HPLC, resin adsorption, or any suit- 
able combination of such methods. 

[0082] The detailed examples provided below show that a range of microorganisms, specifically, fungi and bacteria, 
oxidize 2-methy1quin(Kaline to yield 2-quinoxalinecartx)xylic acid which may then be separated from any unwanted 
unaltered 2-methyfquinoxaline, or any intermediate compounds, and further reacted according to methods well known 

75 in the art to yield, e.g. , the compounds of the '801 application. 

[0083] Although the present dsdosure is prirnarily.directeito me use of intact microorganisms in the subject prTC^^^^ . 
esses, those skilled in the art would understand that the suljject microbial processes may be accomplished by suitable 
preparations thereof, e.g.. broken and dehydrated cell preparations, extracted materials comprising the microbial 
enzymes capable of accorrplishing the subject oxidations, or the enzymes themselves, together with any necessary 

20 cofactors, arxj the like. 

[0084] The present invention is illustrated by the following examples. The foregoing and following description of the 
present invention and the various embodiments are not intended to be limiting of the invention but rather are illustrative 
thereof. Hence, it will be understood that the invention is not limited to the specific details of these examples. 

25 EXAMPLE I 

OXIDATION OF 2-METHYLQUINOXALINE IN TUBE CULTURES USING A repens ATCC No. 14849 
A. Bioconversion using the fungus A. repens ATCC No. 14849. 

30 

[0085] Three "tesT cultures (T1. T2 and T3) were prepared as follows: about 2.5 mL of sterile growth medium 
(atx)ut 20 g/L of dextrose. at»out 5 g/L of nutrisoy flour, atxxjt 5 g/L of yeast extract, about 5 g/L of NaO and about 5 g/L 
of K2HPO4. with the pH adjusted to about pH 7.0 with H2SO4 before sterilization) was added to each of three 16 x 125 
mm glass tubes each having a metat dosure (T1 . T2 and T3). followed by the addition of spores (atwut 1% v/v of spore 
35 stock culture) of A. repens ATCC No. 1 4849 to T1 . T2 and T3. 

[0086] The three tube cultures were incubated at about 29°C. with shaking at about 210 rpm. After atwut 48 hours 
(Tl), 72 hours (T2) or 96 hours (T3). atwut 0.05 mL of a stock solution (about 50 mg/mL in atxxjt 100% EtOH, final con- 
centration of about 1 mg/mL) of 2-methylquinoxaline was added to the tube cultures. 

[0087] After further incubation at about 29°C (see TABLE 2 below), the fermentation broths of the tube cultures 
40 were adjusted to atout pH 2 with 4N HCI. The contents of each tube culture were extracted with an equal volume of 
EtOAc (neat): the EtOAc was added, the tube culture was vortexed and then centrifuged at about 2.000 rpm (lEC Cen- 
trifuge). The EtOAc layer was removed and the acpjeous layer extracted for a second time. The combined organic 
extracts were dried down, under nitrogen, in a water bath at about 50°C. 

45 B. Yield of 2-quinoxalinecart>oxylic acid as determined by reverse-phase HPLC. 

[0088] Each of the extracts, prepared as described above, was resuspended in about one mL of ACNwater (1 :9, 
v/v), and about 20 ^L of each resusperxled extract was analyzed by injection onto an HPLC column: Inertsil® C8 
HPLC column (4.6 x 250 mm. Column Engineering. Inc.). The confounds contained within each injected resuspended 
50 extract were separated isocratically at about 1 .0 mL per minute in a mobile phase (/«:;N:0.05% aqueous TFA, 1 :4. vN). 
Under these conditions, 2-quinoxalinecartxjxylic add eluted at about 8.6 min and 2-methylquinoxaline eluted at about 
1 5 min. Yields of 2-quinoxalinecartx)xylic add were determined from such HPLC analysis for several sets of experimen- 
tal conditions (i.e.. Tl . T2 and T3). and these yields are provided in TABLE 2 below. 

55 
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TABLE 2 



Culture 


Substrate additionii me 
(days) 


Initial substrate c n- 
centrati n (g/L) 


Incubati n time (days) 


% Yield 


T1 


2 


1 


18 


56 


T2 


3 


1 


14 


76 


T3 


4 


1 


16 


79 



[0089] As illustrated by the data for T1 . T2 and 73 of TABLE 2, HPLC analysis shows that the subject microbial 
process results in 56%, 76% and 79% yields, respectively, of ttie desired 2-quinoxalinecartx>xy!ic acid. 
[0090] Accordingly, the inclusion of the intact microorganism, i.e., A repens ATCC Ho. 1 4949, results in the oxida- 
15 tion of 2-methytquinoxaline to 2-quinoxalinecartx>xylic acid, and a sut)stantial amount of 2-quinoxalinecartx>xylic acid 
remains intact. - - . ■ ■ 

EXAMPLE II 

20 OXIDATDN OF 2-METHYLQUINOXALINE IN TUBE CULTURES USING A. repens ATCC No. 14849 IN FOUR DIF- 
FERENT GROWTH MEDIA 

A. Preparation of four different growth media. 

25 [0091 ] Medium 1 was prepared with atxjut 40 g/L cornsteep liquor and about 20 g/L dextrose, and adjusted to about 
pH 4.85 before sterilization. 

[0092] Medium 2 was prepared with about 40 g/L cornsteep solids and about 20 g/L dextrose, and adjusted to 
aix)ut pH 4.85 besfore sterilization. 

[0093] Medium 3 was prepared with atxHit 20 g/L Pharmanwdia® and about 20 g/L dextrose, and adjusted to aboiA 
30 pH 7.2 before sterilization. 

[0094] Medium 4 was prepared with about 10 g/L malt extract, atxHit 10 g/L dexhrose. atx>ut 5 g/L peptone, and 
atx>ut 2 g/L yeast extract, and adjusted to about about pH 7 before sterilization. 

B. Bioconversion using the fungus A. repens ATCC No. 14849. 

[0095] Eight "test" cultures (T1 a, Tib, T2a. T2b, T3a. T3b. T4a and T4b) were prepared as follows: about 2.5 ml of 
sterile growth medium (Medium 1, Medum 2, Medium 3 and Medium 4, respectively) was added to each of eight 16 x 
125 mm glass tubes each having a metal closure (Tia, Tib, T2a, T2b, T3a, T3b, T4a and T4b), follcwed by the addition 
of spores (about 1% v/v of spore stock culture) of A repens ATCC No. 1 4849 to all of the tube cultures. 
[0096] The eight tube cultures were incubated at about 29<'C, with shaking at about 210 rpm. After about either 48 
hours (T 1 a, T2a, T3a and T4a) or about 72 hours fTI b, T2b, T3b and T4b) about 0.05 mL of a stock solution (about 50 
mg/mL in DMSO, final concentration of about 1 mg/mL) of 2-methylquinoxaline was added to the tube cultures. 
[0097] After further incubation at alx)ut 29°C for 1 2 days, the fermentation broth of each tulje culture was extiBcted 
and the comt>ined organic extracts dried down as described in EXAMPLE I. 

C. YieW of 2-quinoxalinecartxjxylic add as determined by reverse-phase HPLC. 

[0098] Each of the extracts, prepared as described atxjve, was then processed for and analyzed by reverse phase 
HPLC as desCTbed in EX/VMPLE I. Yields of 2-quinoxalinecart)oxylic add were determined from such HPLC analysis 
50 for several sets of experimental conditions (i.e., Tia, Tib, T2a, T2b, T3a, T3b, T4a and T4b). and these yields are pro- 
vkied in TABLE 3 below. 



40 
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TABLE 3 



5 


Medium 


Culture 


Substrate addition time 
(days) 


% Yield 




1 


Tia 


2 


36 






Tib 


3 


43 


10 


2 


T2a 
T2b 


2 
3 


73 
69 




3 


T3a 
T3b 


2 
3 


49 
52 


15 


4 


T4a 


2 


31 






T4b 


3 


28 



[0099] As illustrated by the data of TABLE 3. HPLC analysis shows that the subject microbial process wherein the 
20 microorganism is A repens ATCC No. 1 4849 results in the production of 2-quinoxalinecartx)xylic acid in all of the media 
tested. Ttie data of TABLE 3 also indicate that, of the four media tested. Medium 2 afforded the highest % yieJd of the 
desired product, 2-quinoxalinecarboxylic acid. 

EXAt\/IPLE III 

25 

OXIDATION OF 2-METHYLQUINOXALiNE IN FLASK CULTURES USING A repens ATCC No. 14649 OR A glauca 
ATCC No. 22752 

A. Bioconversion using the fungus A. repens ATCC No. 14849 or the fungus A. glauca ATCC No. 22752. 

30 

[0100] Four lest' cultures (Tia, Tib, T2a and T2b) were prepared as follows: about 25 mL of sterile growth 
medium (about 20 g/L of dextrose, about 5 g/L of nutrisoy flour, atxxjt 5 g/L of yeast extract, about 5 g/L of NaCI and 
about 5 g/L of K2HPO4, with the pH adjusted to about pH 7.0 with H2SO4 before sterilization) was added to each of four 
conical flasks (300 mL), followed by the addition of spores (about 1% v/v of spore stock culture) of either A repens 

35 ATCC No. 14849 (Tia. Tib) or A. glauca ATCC No. 22752 (T2a. T2b). 

[01 01 ] The four flask cultures were incubated at about 29°C. with shaking at atx^ut 210 rpm. Immediately after Inoc- 
ulation {T2a), or after alxxjt 24 hours (T2b). about 0.5 mL of a stock solution (about 50 mg/mL in about 100% EtOH. 
final concentration of atx>ut 1 mg/mL) of 2-methylquinoxaline was added to the flask cultures ofA glauca ATCC No. 
22752, and after about 48 hours (Tia) or 72 hours (Tib), about 0.5 mL of a stock solution (at>out 50 mg/mL in about 

40 1 00% EtOH, final concentration of about 1 mg/mL) of 2-methylquinoxaline was added to the flask cultures of A. repens 
ATCC No. 14849. 

[0102] After further incubation at about 29°C for 24 (Tia), 16 (Tib). 25 CT2a) or 24 (T2b) days, the fennentation 
brcAhs of the flask cuhures were adjusted to about pH 2 with 4N HQ. The contents of each flask culture Awere extracted 
with two 25 mL aliquots of EtOAc. and the solvent was removed from the combined EtO/Vc extracts under reduced pres- 
45 sure to yield the crude products. 

B. Yield of 2-quinoxalinecartx)xylic acid as determined by reverse-phase HPLC. 

[0103] Each of the extracts, prepared as described above, was resuspended in about 5 mL of MeOH:ACN (32, v/v) 
50 and diluted 1 :19 with water for HPLC analyses. HPLC analyses were performed as described for Example I. Yields of 
2-quinoxaline cartxixylic add were determined from such HPLC analysis for several sets of experimental conditions 
(i.e., Tia, Tib, T2a and T2b), and these yields are provided in TABLE 4 below. 
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TABLE 4 



Culture 


Substrate additi ntime 
(days) 


centration (g/L) 


Incubation time (days) 


% Yield 


Tia 


2 


1 


24 


80 


Tib 


3 


1 


16 


72 


T2a 


0 


1 


25 


44 


T2b 


1 


1 


24 


53 



[0104] As illustrated by the data of TABLE 4, ttie inclusion of ttie intact microorganism, i.e.. A glauca ATCC No. 
IS 22752 or A. repens ATCC No. 14849, results in thie oxidation of 2-mettiylquinoxaline to 2-quinoxalinecarboxylic add. 
The % of the starting material. i.e., 2-metfiyiquinoxaline, which remains in T1 a, Tib, T2a and T2b is about.7%, 7%,.6% 
and 6%. respectively. 

EXAMPLE IV 

20 

SCREEN FOR MICROBIAL CONVERSION OF 2-METHYLQUINOXALINE TO 2-QUINOXALINECARBOXYLIC ACID 

[0105] Cells of various microorganisms were grown in the tubes containing 2.5 mL of the dextrose, nutrisoy flour 
medium as described in EXAMPLE I. Individual tubes were inoculated with spores or vegetative cells (about 1% v/v of 
25 spore or vegetative cell stock culture) of various microorganisms stored as frozen glycerol suspensions, and incutiated 
at about 29°C with agitation (210 rpm) on a rotary shaker. After about 48 hours, 0.05 mL of a 10 mg/rnL solution of 2- 
metfiylquinoxaline in DMSO was added to each tii)e. After about 4 days incubation, the contents of each tut^e were 
extracted, and the individual extracts were analyzed by HPLC as described in EXAMPLE I. The yields of 2-quinoxaline- 
caitwxylic add were d^ermined by HPLC and the results are summarized in TABLE 5. 



TABLES 



Fungal Culture, ATCC 
No. 


% Yield 


A glsmca, 22752 


83 


A repens, 14849 


83 


A. tamarii 16885 


53 


A solani. 11078 


53 


Rglabrum, 11080 


47 


D. gossypina. 20575 


31 


C. echinulata. 8983 


25 



EXAMPLE V 

OXIDATION OF 2-METHYLQUINOXALINE IN FLASK CULTURES USING P puMa ATCC NO. 33015 

[0106] Ceils of P. putida ATCC No. 33015 were grown in Medium 5 (Nutrient Broth (about 32 g/L) and glycerol 
(about 5 g/L)). Six conical flasks (300 mL) containing atx)ut 30 mL of mecfium were inoculated vwth about 0.10 mL of a 
glycerol suspension of P. putida ATCC No. 33015 cells previously stored at about -70°C. Met adding about 2 mL of p- 
xylene contained in a 15 mL conical polypropylene centrifuge tube (Falcon®, Becton Dickinson Latware) the flasks 
were sealed with Parafilm® (/^erican National Can) and agitated (atx)ut 225 rpm) on a rotary shaker for about 18 
hours at about 29°C. These flask cultures had an optical density of about 1 .9 measured at 650 nm. Cells were collected 
from the six flasks by centrifugation, washed once with about 250 mL of DPBS. and resuspended in about 20 mL of 
PBS (Biowhrttaker) in a 300 mL conical flask. 
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[0107] Th bioconversion was started by acMrtion of about 0.1 mL of about a 100 mg/mL solution of 2-niethylqui- 
noxaline in DMSO, corresponding to an initial concentration f about 0.5 gfL. Incutiation was continued for atxxit 4 days 
at about 29°Cwitti agitation at about 225 rpm. Samples of bioconv rsiont^rothw rer moved at various times and, aft r 
rerrwval of cells by centrifugati n, and dilution with MeOH as required, analyzed by HPLC. Atjout 20 of each of these 
s samples was analyzed by injection onto an Inertsil® HPLC C8 column (4.6 x 250 mm). Each column was luted at 
about 1 .0 mL/min writh a mobile phas consisting of ACN:alxxjt 0.05% aqueous TFA (1 :4, v/v). Yields of 2-quinoxaline- 
cartx)xylic acid were about 86%. 90%, and 94% after about 1 . 2, and 4 days of incubation, respectively. 

EXAMPLE VI 

10 

OXIDATION OF 2-METHYLC3UINOXALINE IN A FERMENTOR CULTURE USING P. putida ATCC 33015 

[0108] R puSda ATCC No. 3301 5 was grown in a fermentor wHh about 1 0L of Medium S. The fermentor was inoc- 
ulated with six cultures of P putida each grown in a conical flask (300 mL) containing about 50 mL of Medium 5. Each 

IS flask culture was inoculated with about 1 75 jiL of a spore stock of P. putida ATCC 3301 5. a 1 5 mL polypropylene cen- 
trifuge tube containing atxHJt 2 mL of p.-xylene.was inserted, and the flask sealed with Parafllm®. TTiese flask cultures- 
were incubated at about 29°C for about 1 7 hours with shaking at about 210 rpm. After inoculation of the fermentor with 
the 6 flask cultures, p-xylene was added to the fennentor in at)out 2 mL aliquots about every 20 min for 2 hours. There- 
after, about 2.5 mL aliquots ofp-xylene were added to the fermentor about every 20 min for about 3.5 hours. Xylene 

20 addition was then discontinued and 2-methylquinoxaline was added at about 5.25 hours {about 1 .95 g) and about 7.75 
hours {about 7.76 g) after inoculation. Incubation was continued for atwut 22 hours after the final 2-methylquinoxaline 
addition. A sample of the incutiatfon medium was cerrtrifuged to remove the cells, diluted with MeOH and analyzed by 
HPLC using the method described in EXAMPLE V. This analysis revealed about an 81% yield of 2-quinoxalinecartx)x- 
ylic add. 

25 

Claims 

1 . A process for the microbial oxidation of 2-methylquinoxaline to 2-quinoxalinecartx>xylic acid which comprises con- 
tacting said 2-methykiuinoxaline with a microorganism and incubating the resulting rnixture under condSBons suff i- 

30 cient to yield an amount of sakl 2H^uinoxalirierarrt5S()Hicliciarwherein-said^^ from the 

group consisting of Absidia glauca ATCC No. 22752, Absidia glauca ATCC No. 74480, Absidia 
pseudocylindrospora ATCC No. 24169, Absidia repens ATCC No. 14849, Absidia repens ATCC No. 74481 , -Art/n- 
omucor etegans ATCC No. 6476, Attemaria solani ATCC No. 11078, Aspergillus tamariiAJCC No. 16865, Conio- 
phora puteana ATCC No. 12675, Cunninghamella ectiinulata ATCC No. 8688a, Cunninghamella ectiinulata ATCC 

35 No. 8688b, Cunninghamella echinulata ATCC No. 8983, Cunninghamella echinulata ATCC No. 9244, Cunningha- 
mella echinulata ATCC No. 9245, Cunninghamella echinulata ATCC No. 10028b, Cunninghamella echinulata 
ATCC No. 26269, Cunninghamella echinulata ATCC No. 31690, Cunninghamella echinulata ATCC No. 36112, 
Cunninghamella homothallica ATCC No. 161 61 , Cylindrocarpon destructans ATCC No. 66963, Diplodia gossypina 
ATCC No. 20575. Epicoccum neglectum ATCC No. 12723, Glomerella lagenaria ATCC No. 14724, Penicillium 

40 ciaviforme ATCC No. 1 0426. Penicillium duclauxii ATCC No. 10440. Penicillium glabnim ATCC No. 1 1080. Pseu- 
docochliobolus lunatus ATCC No. 24155. Pseudomones putida ATCC No. 33015, Pseudomonas putida ATCC No. 
202190, Rhodococcus rhodochrous ATCC No. 19067 and Thamnostylum piriforme ATCC No. 8686; and suitable 
mutants thereof; provided that virtiere said microorganism is said Pseudomonas putida ATCC No. 33015 or said 
Pseudomonas putida ATCC No. 202190. said Pseudomonas putida ATCC No. 33015 or said Pseudomonas putida 

45 ATCC No. 202190 is induced by interaction with an inducer prior to said contacting of said Pseudomonas putida 
ATCC No. 33015 or said Pseudomonas putida ATCC No. 202190 with said 2-methylquinoxaline. 

2. The process as defined in daim 1 further comprising isolating 2-quinoxalinecartx)xylic acid. 

50 3. The process as defined in claim 2 wherein said isolation is carried out by extraction of said mixture with an organic 
solvent. 

4. The process as defined in claim 3 wherein said organic solvent is ethyl acetate. 

55 5. The process as defined in daim 4 further comprising subjecting said extraction to chromatography. 

6. The process as defined in claim 2 wherein said isolation is earned out by adsorption of said 2-quinoxalinecarboxylic 
acid from said mixture onto a resin and elution of said adsorbed 2-quinoxalinecartx)xylic add from said resin with 
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an rganic solvent. 

7. The process as defined in claim 6 wh rein said resin is a polymeric adsorbent resin. 

5 8. The process as defined in claim 7 wherein said rganic solvent is ethyl acetate or methanol. 

9. The process as defined in claim 8 further comprising crystallizing said eluted 2-quinoxalinecartx>xylic acid from 
ethyl acetate. 

10 10. TTie process as defined in claim 8 further comprising crystallizing said eluted 2-quinoxalinecartx)xylic acid from 
ethyl acetate and methanol. 

1 1 . The process as defined in claim 1 wherein said miaoorganism is an intact microorganism. 

J5 1 2. The process as defined in claim 1 1 wherein said microorganism comprises washed cells of said microorganism. 



13. The process as defined in claim 12 further comprising imnrxibilizing said washed cells. 

14. The process as defined in claim 12 wherein said washed cells are in an aqueous solvent. 

20 

1 5. The process as defined in claim 14 wherein said corrtacHng is by adding said 2-methylquinQxaline to said solvent. 

16. The process as defined in claim 11 wherein said microorganism is in a growth medium. 

25 17. The process as defined in daim 16 wherein said contacting is by adding said 2-methylquinoxaline to said growth 
medium. 

18. The process as d^ined in claim 1 wherein said microorganism is selected from the group consisting of said Absidia 
glauca ATCC Mo. 22752, Absidia glauca ATCC No. 74480, Absidia repens ATCC No. 14849, Absidia repens ATCC 

30 No. 74481. Alternaria solani ATCC No. 11078, Aspergillus tamarii ATCC No. 16865, Cunninghamella echinulata 
ATCC No. 8983 and Diplodia gossypina ATCC No. 20575; and said mutants thereof. 

19. The process as defined in claim 18 wherein said miaoorganism is selected from the group consisting of said 
Absidia glauca ATCC No 22752, Absidia glauca ATCC No. 74480. Absidia repens ATCC No. 14849. Absidia 

35 repens ATCC No. 74481. Alternaria solani ATCC No. 1 1078 and Aspergillus tamarii ATCC No. 16885; and said 
mutarrts thereof. 

20. The process as defined in claim 19 wherein said microorganism is selected from the group consisting of said 
Absidia glauca ATCC No. 22752. Absidia glauca ATCC No 74480, Absidia repens ATCC No. 14849 and Absidia 

40 repens ATCC No. 74481 ; and said mutants thereof. 

21. The process as defined in daim 20 wherein said microorganism is Absidia repens ATCC No. 14849 or Absidia 
repens ATCC No. 74481 . 

45 22. A process for the microbial oxidation of 2-methyiquinoxaline to 2-c|uinoxalinecartx)xylic acid which comprises con- 
tacting sakl 2-methylquinoxaline with a microorganism arxi incut)ating the resulting mixture under corxjitions suffi- 
cient to yield an amount of said 2-quinQxalinecart)Oxyllc add, wherein said microorganism is Absidia repens ATCC 
No. 14849 or Absidia repens ATCC No. 74481 ; and suitable mutants thereof. 

50 23. The process as defined in claim 22 wherein said microorganism is in a growth medium. 

24. The process as defined in daim 23 wherein said contacting is by adding said 2-methylquinoxaline to said growth 
medium. 

55 25. The process as defined in daim 1 wherein said microorganism is said Pseudomonas putida ATCC No. 33015 or 
said Pseudomonas putida ATCC No. 202190. 

26. The process as defined in daim 25 wherein said inducer is p-xylene. 
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27. Th process as defined in daim 26 wh rein said Pseudomonas putida ATCC No. 33015 r said Pseudomonas 
putida ATCC No. 202190 is in a growth medium. 

28. TTie process as defined in daim 27 wher insaidp-xyl n is added to said growtfi medium. 

29. The process as defined in daim 28 wh rein said growth medium is in a flask. 

30. The process deJined in claim 29 further comprising the step of collecting said microorganism after completion of 
said induction. 

31 . The process as defined in daim 30 wherein said collecting is by centrifuging the contents of said f lasK decanting 
the fluid, washing the cell pellet and resuspending said pellet in a buffer. 

32. TTie process as defined in daim 31 wherein said contacting is by adding said 2-methylquinoxaline to said buffer 
after said resuspension. 

33. The process as defined in daim 28 wherein said growth medium is in a fermentor. 

34. The process as defined in claim 33 wherein said addition of said p-xylene to said growth medium is discontinued 
after said induction. 

35. The process as defined in daim 34 wherein said contacting is by adding said 2-methylquinoxaline to said growth 
medium after said discontinuation of said p-xylene. 

36. A process for the microtnal oxidation of 2-methylquinoxaline to 2-quinoxalinecarboxylic acid which comprises con- 
tacting 2-methylquinoxaline with a microorganism after the enzymes of said microorganism are induced by interac- 
tion with an inducer and incubating the resulting mixture under conditions suffident to yield an arrrount of said 2- 
quinoxalinecartxxKylic acid, wherein said microorganism is selected from the group consisting of Pseudomonas 
putida ATCC No. 33015 and Pseudomanas putida ATCC No. 202190; or suitable mutants thereof. 

37. The process as defined in daim 36 wherein said inducer is p-xylene or /n-xylene. 
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